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@> Imaging immunoassay detection system and method. 

© Light generated by one or more chemical reactions in a dis- 

as to r^Ltr, efmine < d ' b ° th 85 10 emissions **< '««ton and 
pris°ng! °" ° 6 reaCtions - «-B. using ■ system com- 

r n „« SamPle ° arrier havi " 9 sP^d-apart discrete areas each 
re~ 9 3k es re p re m CaPab ' e °' Ph ° t0 " S " 8 

react'o^u^ 

£! «,.„." V 9 ^ 9ene , rator cou P' ed to the photon receiver, for 
^ generat-ng a s.gnal representing the x-y location of each reac- 
ts ™, H i9na ' 9enera,or ™V be a photomuitiplier. charge- 

O suited i oTZ°' VidiC ° n ,UDe The inven,ion is P^cuJr.y 
V> suited to the determ,nat,on of reactions and non-reactions, eg 

TJ^T,^ a ' ray °' labe " ed antib °<"es and a specimen po.en- 

* m U n V oas Sa y n,n9 °~ °' mOM '™"™™V antigens, in an im- 
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This invention relates i-r> 
detection system and method. " lm * 9in9 1 "» no «— Y 
BACKGROUNn OF THE rmn,™^ 

Highly sensitive inc?t-r-„ m « x. 

-actions of extremely -fx CfTT^ °' 

the short half-life of the rldio- ! ^ inCluae 

of using and disposing o^th! * *"* the dan *« 

in such assays radioactive co-pounds used 



Another prevalent technique is the ™, • 
» enzyme immunoassay which utiles ^riT^ 10 

enzyme-linfced immunoreactant binds ei£l T ^ *" 

or to an antibody, causino , " n anti 9 e n 

quantitative meaLHf the a^ 0 " ""^ * 
can be detected by a colour ch, " anti9en ' " hiCh 

0 usually slower t lJ„ '* - SU ° h an assa y ^ 

ly Sl0Wer than °ther conventional techniaues 

involving automated assays. 

A third method that can be used is . fi 
immunoassay, based on the labelling \ f l "orescence 
antibody with f,„„„„ ! abelll "9 ° £ a " antigen or 
y Witn fluorescent probes. US-A-432097n h< , 
a photon-counting fluorimeter that may * , ™ in T" 

::::r;ity Di :r vanta9es °* ™ b - such an 

necessity of processing only one 

system attest to « X^ CLT^'^i x^T 

source to excite the solution, as disclose^ ^ 
US-A-3984533. Again, this system can 

sample at a time. P 58 ° nly one 

Instrumentation for luminescence assays 
advantageously involves a self- exciHn „ , . 
system , n ^ exciting luminescing 

system, in direct contrast to fluorimeters which util s 
an external light source T « utilise 
9 source. in general, existing 
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iuminometers *r-~ 1 
are complex i *•> S 

° al Chemi stry, vol 27 m Sur ^ce Antigen", 

carrier «=. No « 8 nooi, „ 

10 * Prepared containi n * ' Where in a * 

10 for analysis by a i . lnin * a Plurality 0 £ r « 

.a y 3 iuminometer , re agents 

Paction duri„ g reaction et " -asures lig[)t 

thlS ""hod and apparatus h, phot °-counti„ g . Howe 

",u iring the r e act p ion a : u : 0 h b a : e ra ths di " d -« age ot er - 

» and' ^ A "^^oces o ^—iaHy . o„ e 

and air valves for addi„ g th " ^ t0 Con ^°l «uid 

the lndlvidual wells " « «-y Plan, to position 

°rder to enable the photons . ' P h «otube, ln 

0 ~ Unted - 'he taction to be 

tho Ugn photons a ^"Piayed by a ^^^^ be 

intervals, obviously « great ! ? SeCOn<3 * « lo second 
regUl " d .*o analyse hundred" *\h°* W ° U " 
spec imens in se q ue„tial order °* test 

In addition, GB- A - 2l *' ^ " * time - 
ohen-iluninoneter i32347 discloses a 

The results X 1 ::;: 0 "^ -IMpi. 
-quantitative. Stained ' however, are only 

It has heretofore Mt K 
descent assays on P °" ibl " to carry out 

—itaneously i„ . short volume sables 

presently existin g technology p ^ " 

** a t ine and often requires ,f ""^ ™ e Such assay 

° f '00 „l or „o«. lar9e volu »» samples, i. e . 

*s used herein th. .. 
"luminescence" me an T k "^"escent- and 

" dS ° f emission e xcept 
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incandescence and include chaii^,^ 
broluminescence, prompt florescence. delayed 
fluorescence and phosphorescence and the uL 

229 23,"--' ^ PhyS - E = SCi - In "™»- 14 ',1981, 

"II I trill ' mini " Ure ima9in9 P»°tordetectL 

with a transparent photocathode i«- ie 

in astronomy and geophysics. Pr ° P ° Sed ^ »" 

SUMMARY OF THE I NVPxtt t /"ivi 

The present invention overcomes <-v,« • 
and provides an in,™* • ercomes the given drawbacks 

samples simultaneously. 



15 as 



20 



The present invention is verv ad™^ 
it is verv r-^/, w advantageous inasmuch 

simulV , P lt anal y«es all samples 

simultaneously, is extremely accur^f. k 

no mechanical motion of compone^s has"" 

as in seguential resolutlot £ ~ 
standard such as a known sample to obt»i„ ln *«rnal 
information, is adaptable with a fi^ COI,,parative 
particular wavelength of light and i" 

i, can detect •^■^E'J^'^ ^ 

oZ":: require 

operate with immunoassays utilici Bn i 
fll .. roe „ „ y utlJ -ismg luminescence and 

tiuorescence and the like 

,= ; :r=„r:: : "::r~::;„;^;.„„ I 

chem.cal reactant samples capable of emitting photons", 
a react.cn takes place, the plurality of reacted 
oontaxnmg areas being arranged in spaced relationship 
«th respect to each other, imaging means associated with 
saxd carrier means for simultaneously receiving 
md.vrdual photons emitted from each area sample where a 
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reaction is takinq place • =r,/» m 

^ a xeacrion and the number of i>c t^k^*. 
emissions over any predetermined period of tl l " 
simultaneously identified. ™ ay be 

The invention also comprises a method of 
simultaneously detecting photons generated by a pluralitv 
of chemical reactions, comprising the steps of P * l " y 
a plurality of individua! chemicll reactant . 
capable of emitting photons when a lUl^l HZT^ 
the samples being arranged in spaced re^on^ w^tT' 
respect to each other, and simultaneously detectfnl th 

reacting samples, whereby the total number of photons 

l of fr r eaoh reactin9 ~~ * ^tzzi 

period of time may be determined. 

rapids' Pr6Sent inVenti0n is ™ only extremely 

rapid and processes simultaneously multiple assays but 
also bles considerable economies to be made in ^he L 
of often expensive reagents concerned because only sma^l 
quantities of samples are required. 
DESCRIPTI ON OF THE DRAWINGS 

Figure 1 is a diagrammatic representation of the 
novel photon detection system; 

Figure 2 is a diagrammatic representation of the 
imaging photon detector used in the system of Figure l • 

Figure 3 is a representation of both background 
noise signals and signals from discrete areas of reaction 

I'vInT 7 baCk9r ° Und n ° iSe SlgnalS - cancelled 

leaving only reaction signals); 

Figure 4 represents a carrier in which multiple 
antibody labels may be used simultaneously or in which a 
standard reaction may be compared with other reactions- 
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Figure 5 is a diagrammatic representation of how a 
wavelength interference filter may be used with the 
carrier of Figure 4 to pass only a particular light 
wavelength, thereby allowing only photons of a particular 
wavelength corresponding to a labelled antibody to pass 
to the imaging detector; 

Figure 6 is a schematic representation of a circuit 
" 3 ^oP^essor for subtracting background noise from 
the sample signals to obtain an output signal 
representing substantially only pure photon emission from 
a reactant sample; and 

Figure 7 is a diagrammatic representation of the use 
of invisible ultraviolet radiation as a source of 
external light. 
DETAILED DESCRIPTION 

The apparatus of the present invention, which will 
be described in further detail below, may be utilised 
with any number of different assay techniques as stated 
earlier, but will be described with particular reference 
to the use of luminescent immunoassays in the detection 
of antigen-antibody reactions. More particularly, the 
invention can be employed to detect the characteristic 
reactions of labelled monoclonal and polyclonal 
antibodies with antigens found in samples such as urine, 
faeces, blood, milk and water and the like. 

Polyclonal antibodies are well-known. Monoclonal 
antibodies may be prepared by the technique first 
described by Kohler and Milstein, Eur. J. Immunol. 6, 292 
(1975). in order to detect the presence of particular 
antigens, the monoclonal antibodies may be labelled with 
a multitude of different labels, such as luminescent or 
fluorescent compounds. Further, the particular labels 
utilised in the present invention must be capable of 
emitting light once the antigen-antibody reaction occurs, 
and thus the reactions are designated as "light-emitting' 
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reactions". The present invention will be described • 
general with reference tn a , ■ described xn 

^ used as disclosed herea L/ 

Luminescence is the emission of light bv an 
-lecule a s an electron is transferred * « «« or 

> state from a higher energy state. I„ bo th 

chemiluminescent and bioluminescent reactions, the free 
energy of a chemical reaction provides the energy 
reguired to produce an intermediate reaction or product 

iitzit^t excitea st ^- 

light * he , 9r ° Und *• accompanied by mission of 

light. Bioluminescence is the name given to a special 
form of chemiluminescence found in biological systems 
such as the firefly, in Khich . catalytic * ™ 

enzym^ such as lucif erase, increases the Efficiency of 
the luminescent reaction, when this luciferase enzyme is 
combined with its substrate, luciferin in th = 

of atp - . '»«ierin, in the presence 

of ATP (adenosine triphosphate) , magnesium and oxygen a 
flash of light is produced, whose intensity is 
proportional to the amount of ATP present in the sample 
The firefly luciferase/luciferin/ATP system is as 
follows : 

flTP EsffHffr> * pp + »» 

where hv is the energy of a photon, n is the Planck 
constant, and v is the frequency associated with the 

photon, 

-.. Assays of the invention can directly determine the 
number of live organisms in a sample, either because the 
presence of ATP in a test sample indicated live cells, or 
hecause of the presence of immunoglobulins labelled with 
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a luminescence-detectable enzyme (like peroxidase or 
luciferase) . 

Chemiluminescent substances such as luroinol may als< 
be utilised in a horseradish peroxidase-catalysed 
oxidation, as follows: 

luminol peroxidase products + hv 

H 2°2 

In the present invention, the "light-emitting 
reactions- generate photons which are coupled to an 
imaging device such as an imaging photon detector, a 
charge-coupled device, or a vidicon tube (any of a 
variety of camera tubes having a photoconductive target) . 
in the preferred embodiment, an imaging photon detector 
is used. 

In particular, the reactions may be generated by 
reactants spatially arranged in individual areas on a 
sample carrier in a single row or column or by a 
two-dimensional array of reactants spatially arranged, 
for instance, in rows and columns. For example, a 
carrier may have an array, such as rows, of 1 mm outside 
diameter nylon tubes containing the labelled monoclonal 
antibodies, to which is added the specimen or specimens 
being tested for the presence of an antigen. The fluids 
involved are self-contained and of a very small volume. 
Thus, an advantage of the present invention is that the 
imaging photon detector can quantify (in 10 seconds or 
less) light emitted from multiple "light-emitting 
reactions", in volumes of 3 nl or less, i.e. much smaller 
than can be used in known apparatus. 

Another carrier suitable for use with an imaging 
photon detector is a microtiter plate with multiple 
samples in rows and columns. A particular plate may 
contain as many as 96 individual wells. Each well 
contains different labelled monoclonal antibodies 
adsorbed on the surface of the plate. A portion of the 
specimen is added to each well. The presence and 
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quantity of a particular antigen in 

determined by the number of *" lndividu *l well i 

antigen-antibody reaction. generated by the 

A third carrier involves th= „ ■ . 
5 ^Wlised antibodies on a „l V"""* 1 * ° f "sing 
labelled monoclonal antLodie ^"e ^ °* 
individual areas on a plural", lm "° bil " e d in 

"lament may bear a different 1 " *"» 
antibody capable of emit"„" , T —1°-! 
" an antigen. Because ZrZlT ^ ^ ° f 
filaments generate light th! °" ^ indiv "»al 

system can quantitatively ZlZ^ 
particular antigens. dete ™«e the presence of 

i= num i er Th o e f p d r r«:: e :r:" tion r isa9es the »~ °< «* 
p-uced, ii gh ::r t tL p g r:!:::::^:.' r nicaiiy - 

the image photon detector L ^ ^^ed by 

the present invention counts th TU^l" "' ht ' 
i"¥inging upon a li„„* individual photons 

*° Paging photon I^""*" 1 ™ thode of an 

Each of the above im^nc * 
of reactants can be uled in th e ""^"^ * ^ 
Ascribed below, i„ which " "^"^ 
the specimen carrier means! C °" t * lMr *' "entified as 

The apparatus system will k~ ^ 
reference to Figures 1 a„ d 2 * 

p ig. 1 is a system for auanHf^- 
of multiple biochemical images using an" 
detector. T he system enablls t h ^ de'tectioTo" 9 Ph ° t0n 

° """ntrations »f substances present ZT/ * ^ 
specimens which, in th. ,. P res ent in fl uld sa „ ples 
, . - in the course of the»ir t-<*=>^ • 

light photons under certain <•„ „\ "action, emit 

the system has demonst" " ° ndltl ° nS - *" Particular, 
I"" 16 and lower. sensitivity in the order of 



CH94132 

-10- 



Fig. 1 shows a specimen carrier means 10 which may 
xnclude a plurality of fluid samples all capable of 
simultaneously undergoing a reaction. Samples can be 
spaced in individual areas as a row or column or in a 
two-dimensional array of rows and columns as shown in 
Fig 3 and Fig. 4, for example only. The reactions that 
produce light generate photons 12 which are focused by an 
optical system 14 to form the image of the light outputs 

10 TIT 1 * °l th& SamPlSS ° n 3 * h ° tOC -«-tive target form- 
ing a portxon of an imaging photon detector (IPD) 16. The 
imaging photon detector 16 will be disclosed in detail 
hereinafter but is known in the art; it immediately 
converts incoming light into quantitative information 
which can be stored and processed within a memory of any 
conventional computing means such as a microprocessor 24 
The imaging detector 16 of the present invention 

takes simultaneous readings of discrete «s am «i«> „ 

* uiscrete sample areas such 

as the solid dark areas of Fig. 3 , rather than averaging 
the readings of the entire sample area (including the 
carrier area surrounding the sample) . Background noise 
represented by the shading lines in Fig. 3 , is caused by 
non-specific binding antigens or antibodies to the solid 
surface of the carrier, which are not washed away in the 
preparation of the carrier. Conventional detectors read 
these signals generated by this undesirable binding and 
because these conventional detectors average the signal' 
over the entire sample area, they interpret these 
undesired false signals as a positive reaction. 
Background noise effectively decreases the sensitivity of 
the assay at relatively low levels of concentration, 
where the positive reaction signal has nearly the same 
intensity level as the background noise. 

The present invention eliminates the background 
noise problem by simultaneously reading the signal from 
the background environment and the signal from the 
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oncentrated reaction area 
readin „ B B area and comparing the two 

readings. Because the or^cor,*- • 

detprH Present imaging immunoassay 

tlM SyStem Ca " «ign.l. from numerous dLret 

reaction areas at the same instant, a real timl 
measurement of the signals from the discrete Treas of 
reaction in a two-dimensional array can be tafcen , 
averaged, and compared with fha «, ■ , 

arLr:r"!a 0t r °:„ s th : h : i9nais 1 representin9 - " 

reactions the signals representing the f 
background noise, as shown in Fi g 6 th * ! I 
pure reaction signals. ' leaVin * th * f 

Further, since the present svc*.^ 
evaluate a carrier, such as Hs^elT '» " lt "-««T 

without repositioning the lr2r o * 
using sequential detection. resolu 0 ^' t ~ f 

from precise mechanical repo sitiwiing e ' " ^ S 

between measurements as required in th ««-Pl«s f 

>0 eliminated. furred ln the prior art are [ 

Since the present imaging immunoassay detection i 

system can Iook at more than one discrete reaction at a ^ 

time, contrasting reactions can he analysed relate t o I 

one another. By way of illustration. J . * ! 

two-dimensional array of samples as in a microtiter trav ! 

represented in 4 . factions can he compared ' I 

Side-by-srde simultaneously. The amount of photons I 

grated hy each reaction can he read and aLlysed hy ! 

computer 2 4 and the relative extent of reaction compared ! 

in this way, a more accurate comparison can be made f 

s T lic eamples ' thus prov " in * be "~ *••«= ! 

results as an example, a negative reaction may be 

Placed ln a discrete area A in Pig. 4, to serve as a ! 

control for purposes of comparison with a positive 
reaction in a discrete area B. The negative reaction in ! 
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discrete area A may still generate spurious signals 
caused by non-specific binding, as pointed out earlier. 
This background noise level is potentially constant 
across a given carrier such as a microtiter tray and is 
useful in setting up a base level of signal generation 
from which more positive reaction can be compared. 

Thus, the present imaging system is capable of rapid 
quantitative analysis of samples. Because of its unique 
ability to simultaneously read and analyse numerous 
samples, the time necessary to produce results is 
dramatically reduced. 

Furthermore, the sensitivity of the present imaging 
system allows for very accurate measurements even at very 
low concentrations of the samples. For instance, an 
imaging photon detector is capable of measuring 
individual photons of light. By using amplifiers, the 
system is able to register very low concentrations of 
materials and is therefore useful in areas such as 
diagnosing for the presence of infectious organisms, as 
well as drug monitoring and disease detection. 

Because of its sensitivity, the imaging system can 
not only detect minute quantities of a reaction samples, 
but can also read a very small area of reaction. Thus, 
the amount of reagent and the area which are needed to 
conduct the assay are less then before, thereby 
minimising the cost of reagents and carrier materials. 

The output of the imaging photon detector 16 on line 
18 comprises analog signals which represents the x-y 
spatial correspondence of each detected photon, thus 
identifying electrically the x-y address of the sample or 
specimen that produced the light. These analog signals 
are coupled to an analog-to-digital (A/D) converter 20 
which produces digital output signals on lines 22 
representing the spatial orientation of the specimen 
source producing the photon received by the imaging 
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Photon detector 16 anrt 

— * ^ SPecimen 6 ::l r;; 0 ; r;; 1 :::- 

digital signals 22 ar„ , Photon. The 

^ Ab " ^^e coupled fn ^ m ^ 
which stores and analyses L! ""lessor 24 

^ be programed to dispL! it ^ can 
-actions continue to generate" " 
desired predetermined perIL of ^1 ^ 
10 seconds or less, and ^ '"^ - little as 

each reacting sample is mnf . , Photons produced by 

a . ^ Ae ls accumulated in y 

0 microprocessor 24 Th„ c • memory of 

mus, microprocessor 

S " M1S °" "« to video display 28an d ^ 

vx Sual display and ana the uir printer 30 f ° r 

accumulated, from samples 10 . ^ "ceived, and 

A bar chart may be dist>l»„=/i 

' » hi - each of th e P I^r'" 1 28 

relative amount of li„ h t „„ T 1 "ustrates the 

generated by each s^ e s^lV" ^ 
~. for a P erJL; ^ ^P-t^T - ^ * 

Also, a two-dimensions • 
:T e s they are p^T^^ ."^f 

:::::: lz - - y 

or by numera^: t hus Identrr 9 ^ *» 
generating the greatest 9 ^ Si "" Ple " 

"icroprocLor 1 ' T ° f ^ Odiously, the 

as desired^" £ " 

to compensate for any inherent noise in th! 9 * 
as by subtracting the background noise as , 
earlier. „oise also may be reduce"" 'c£l£ ST" 
"■aging photon detector 16 with a cool, 
veil known manner such as by cLculat " *" 

or a refrigerant about th- • lrCUl " ln9 a "quid 
Cooling the detector . L^r^e'rT "' 
electrons to be emitted f It. T , te 
and which assist In tit. elements °' the detector 16, 

assrst in generating the background noise. 
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Fig. 2 is a diagrammatic representation of the 
construction details or the imaging photon detector used 
the P refer " " embodiment herein and which is Known in 
the art. The detector may he type Inal or type pi ™ " 
5 manufactured by mstrument Technology Limited L EasI 
Sussex, England. The imaging photon detector 16 is a 
two-dimensional imaging sensor capable of detecting 
extremely weak radiation, e.g. capable of detecting an 
ATP content in the sample down to as !ow as lo'" 
10 moles/sample. As indicated earlier, that image is 

produced in analog form which is converted through an 
analog-to-digital converter 20 to a digital for, for 
use by the microprocessor 24. 

15 ind - V*? ** C ° mpOSed of ^dividual photons. Each 

individual photon has an extre me l y small amount of energy 
assorted therewith. In raost colranon ijnageS/ 
contains fluxes of millions or billions Qf ^ 
square centimeter and per second. Using the imaging 
Photon detector 16, each incoming photon has a high 
20 probability of detection by the photocathode 32 

The photoconductive target 32 can thus be thought of 
as equivalent to a photographic f il ra except that it has a 
sensitivity of the order of 100 times greater. When a 
Photon strikes the light sensitive photocathode 32, a 
photoelectron is released from photocathode 32 and is 
immediately accelerated into a series of microchannel 
Plate intensifies or amplifiers 34. As a result of the 
intensification created by microchannel plates 34, a 
gain in the range of 3xl0 6 to 3xl0 7 electrons is emitted 
from the rear of each microchannel plate for each 
incident photoelectron and thus corresponds to each 
initially detected photon. The combination of the 
microchannel plates 34 thus enables extremely small 
amounts of light to be detected. 
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A resistive anode encoder , 
benind t„e .icrocnannel plates l*. , 1 ° C "« d 

burst into signals wnicn can be tn ° "-"re, 

two-di^nsional x . y address "f t ' "* ily lnt ° « 

= tnus tne sample. T „ us , ^ " ^ dete «^ Pnoton and 
resistive anode 3 6 on ^ ]\ ™ "T" " ^ 
present a linear x-y registrar " t0 

event. Tne read-out t, °' Pn0t ° el *««n 

38 is suitably processeTtl eiectrodes 
" representation of tne x v * " i9ital 

pnotoelectron (and tnus LI " ° f incid «><= 

digital converter 20 and '"log-to- 

and m icroproces«:nr ->a ^ 
^9. 1. Tnus, by tne use of tL • ' Sn ° Wn " 

16, tne full in ,a ge of all of Tl ^ pnotod «<~tor 
15 di ne nsions is created by inLra\ " " tW ° 

onto tne pnotocatnode 32 TnlZT" 9 ^ f ° =USed 

Present systen, detects and ^""""'-^on . Tnus, tne 

« .uxtipie ^.^rrrjsr^ reiatins 

A ^ small amounts of Unh^- ^ 
single pnoton. and ^antif^ ^cn™ o™T * 
specific x -y sa^pxe or specimen Z rsss ** ' "°" 

preferr n ::r: d t : e f " ir 1 " 9 pnoton detec; ~ 

/ 9 tne system mav u«;^ => 
^ <CC D) as tne imaging device Z t^T^^ 

tne art. Tney are used in „ * known in 

lensin, system' ,sucn M Z^ZtZ w" " 
wnicn focuses Xig Bt from Le o bj e ct f " 

(sampie array 10 i„ Fig . „ on \ Q \£>£L 
> amounts of liant fr nB , • ^. Varying 
x j. ig nt from individual samples 
individual pixels witnin tne CCD and cL lncident on 

different levels proportional to T *** P±XelS t0 ' 

Tnus tne optical L tX ° nal t0 tne incident li g nt. 

optical information or liohf *~ 
10 is available in , - 9 r ° m sam P^ array 
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of tne CCD and converted to digital form in a well known 
manner by tne analog-to-digital converter 20 and is 
then coupled to a memory in computer 24 wnere tne various 
measurement levels and comparisons can be made by 
5 appropriate manipulation of tne digital information. See 
"imaging", Tne Optical Industry and System Purchasing 
Directory, 1983, pp. E-72 to E-74. 

As is well known in tne prior art, tne individual 
pixels witnin a CCD array are closely spaced and arranged 
10 horizontally in rows and vertically in columns so tnat a 
given CCD imaging device 16 provides a fixed number of 
pixels of information. For instance, some CCD's nave 320 
vertical columns of pixels and 512 horizontal rows of 
pixels . 

15 CCD's nave several characteristics which make them 

advantageous in tne present invention as an imaging 
device. CCD's are small and rugged and have closely 
spaced pixels and are therefore useful where, as here, 
precise measurements are required. They also receive an 
20 image by the direct reception of light energy without 

being scanned, and store the received data until the data 
are transferred to another storage device. Further, the 
data received from the CCD can be processed by simple 
comparison or detection techniques, thereby avoiding 
25 complex and major time-consuming sampling techniques 
ordinarily used to process such data. 

Another imaging device which can be used instead of 
an imaging photon detector or a CCD is a vidicon tube. 
The name vidicon is^ generally applied to any of a variety 
3 0 of tubes having a pnotoconductive target. The vidicon 
operates in a well known manner and utilises an electron 
beam to scan a lignt-sensitive pnotoconductive target. A 
transparent conductive layer applied to the front side of 
the pnotoconductor serves as the signal or target 
35 electrode. The target electrode is operated at a 
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positive voltage „ ltn respect 

pnotoconductor vnicn operates Side ° f tne 

vo ltag e. In operation! tn . " "T* 

marges tne back side of tL T ' ^ ilUtia "J 

housed on tne pnotoconductor "s ,' Pn ° t0n ' ^ 
*» "e illuminated areas and ^ ' ° "^"-"y increases 
-arges to more positive values r °* 
"ads tne signal by deposits \ electr °n beam tn.n 

» Positively cnarged arelT \ n °" tn. 

oapacitively coupled TV^"'^ " 
electrode. See -Raging 9 J^™*" 
Devices, 19, pp 3 _ 9 ^ ' RCA s °lid State 

Tnus, as used in Fia i 

15 r° tons " »»« output ^o/tne^::" 16 receives tne 

tnrougn optics 1« and produces tn aLT 

^"from ^icn^tlt s'ig^a""^ 40 "" 91 ^ 10 ^"- 
20 mann " " "» -aging' pn^ton" e^T ~. 

» "sprete areas on ne " ««- t 

'o Fig. 4, discrete area I 1 " T " US ' " itn ~ g ard 

an indicator sucn SlZt^.'*™^ 
«ave an antibody labeiled witn TnTs ** B M * 

bacterial reductase, and so Tor" T"^ " * 

30 generates a different waveUngtn of 1 indi " tor 
area for eacn antibody nas it! 9 " cn dis orete 

of lignt wnicn can be detected , 

can be seen i„ Fig 5 d "" ted b * ""aging device 16 . As 

*0 of tne aesired'na^actlr;; rrs 9 " ^J"'"^ 
3= samples 10 and optics 1< sucn f„f ^ """"" 

cn tnat on ly pnotons of a 
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particular wavelength corresponding to an antibody 
labelled with a particular indicator pass through to the 
waging detector 16. In this manner, the novel imaging 
immunoassay detection system can be made wavelength 
selective, thereby permitting greater flexibility and 
sensitivity. 

It will be understood, of course, that if a 
fluorescing material, such as fluorescein, is used as the 
label, invisible ultraviolet light or black light will 
have to be used. Fig. 7 illustrates such apparatus, 
wherein an ultraviolet light source 54 is powered by an 
appropriate power source 56. Ultraviolet light rays 58 
impinge on samples in carrier 10 which fluoresce if a 
reaction takes place. The remainder of the circuit 
operates as described above in connection with Pig. 1. 

As shown in Fig. 6, the signals detected by imaging 
device 16, representing background noise and sample 
signals combined, are stored in a memory 42 of 
microprocessor 24. The detected signals representing 
background noise alone are stored in a memory 44 of 
microprocessor 16. By coupling these two stored signals 
on lines 46 and 48 to an arithmetic unit 50, and 
subtracting one from the other an output signal is 
obtained on a line 52, which represents substantially 
only pure photon emission from any selected reactant 
sample. Thus, background noise is substantially 
eliminated or minimised. 

The system of the present invention can be used in 
conjunction with labelled DNA or RNA probes instead of 
antibodies as a diagnostic tool. DNA probes or RNA 
probes are specific sequences of amino-acids that are 
complementary to particular sequences of a sample piece 
of DNA or RNA. These probe pieces of DNA or RNA can be 
labelled with an indicator so as to generate a signal, 
analogous to an immunoassay, and would be contained in a 



ft ft ** £> 



" " " "0794132 

-19- 



carrier 10 such as shown in p 

*» is first reeved from a celi or J? ""l °' 
sample containing a DNA or rna\ structure in a 

is bound to a surface such Se<JUe "«- *"» »» or ^ 

5 denatured so that HI , Hulose, and is then 

seMtlM ' complementary strands are 

separated. The DNA or rna probe, labelled with an 
indicator, is then added to the sample and \f th 
specific complementary sequence of the p-be 
« the sample, the sample and probe wil^co!" 
10 unbound label i s washed away and the sail " ^ 

bound labelled probe is read in the staining 
hereinabove with reference to^ig 

IS component is labelled with an isotopeT^ 1 ^"^ 
phosphorus-32 or iodine-125 wh,- v. S 

in the performance of I 111' ^ 9amma "^"ion. 

, , - ««^e or a radioisotopic ac; Q ^, 4.%, 

labelled component, typicallv an P * C * SSay ' the "otope- 

screen ph^~k~ pnosphor 
en - Phosphor screens are well v„~ 

are used to convert 1B the art and 

2= These screenfa- ^ tnto ««•»* energy. 

crystairrZsphrrsH:::: :l: r: ^ «* — ~* 
.Lot™,.. In the re : zt r en h borabarded by 

receives gamma radiation fro" the lab^T 

30 de^cT' e " ltS Ph0t ° nS a " ^eTb;"^" 

30 detection system. Thus, in Fia i „ • 

the Ph os Phor screen which re i:; e ^ e — - 

ruction and emits light 12 „v * Slectrons frora «»y 

and processed in th! 15 f ° CUSSd by °P tics " 

P ocessed xn the manner explained previouslv m 
this manner, gamma particles are , evxously . m 

35 detectable „h\. * re converted into 

aetectable photons which are receive 

received and processed as 
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described hereinabove. Other types of gamma- to-photon 
conversion means are also usable and within the scope of 
the present invention. 

As an illustration of the sensitivity of the IPD 
array detector system, the well established firefly 
luciferase/luciferin-based assay for ATP provides a 
useful reference. Thus, using the standard "Lumac" 
firefly luciferase/lucif erin reagents for the 
bioluminescent ATP assay in the Lumac Biocounter 
luminometer, the lower limit for the assay (carried out 
as recommended by the manufacturer) is set by the 
"background" count of photons (of about 10/second) 
typically experienced. This sets the lower limit of the 
determination at about 5xl0" 15 moles ATP per sample. In 
contrast, using the IPD system described above, the lower 
limit of the determination, using similar criteria, is 
set at about 5xl0~ 17 moles ATP. 

The invention will be further illustrated in 
conjunction with the following Example, which is set 
forth for purposes of illustration only and not by way of 
limitation . 
Example 

Monoclonal antibodies are prepared according to the 
method of Kohler and Milstein noted above. in 
particular, an antibody to Shigella is prepared by the 
procedure described in WO-A-86/00035 and labelled with 
luminescent compounds such as the firefly 
luciferase/luciferin/ATP system. These luminescent 
labelled antibodies are then adsorbed onto the surface of 
a microti ter tray. Additionally, each well of the tray 
may contain labelled monoclonal antibodies to different 
antigens, thus allowing diagnosis for the presence of a 
wide variety of different antigens at the same time. 
This microtiter tray thus contains a number of known 
antibodies at known x-y addresses or areas on the tray. 
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The tray is then washed with 

unknown antigen (s, and an ant, SPeClmen "Gaining the 
occurs. Ne *t, the travTs ri T"" ^ """^ 
are removed. T hen. thl tray\ s , anti ^i« 
carrier holder of the L * " the 

"escribed above. The Ph ° t0n det *«"9 *yste,» 

-tigen, s, i„ the specLen a"" Tt °' ^ 

generated by the chLacteris" ^l™™* ^ th * «*oto». 

reactions and their x-v ! an <-9«—antibody 

x-y iocatlo „ M the micro 
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CLAIMS 

1. A system for detecting photons generated by a 
chemical reaction, which comprises: 

a sample carrier having spaced-apart discrete areas 
5 each containing a reactant capable of emitting photons if 
a reaction takes place; 

a photon receiver, for receiving photons emitted 
from each reaction simultaneously; and 

a signal generator coupled to the photon receiver, 
10 for generating a signal representing the x-y location of 
each reaction; 

whereby each reaction and the number of its photon 
emissions during a predetermined period of time may be 
simultaneously identified. 
15 2. A system according to claim 1, wherein the signal 
generator is a photomultiplier tube having a 
photoconductive target, a charge-coupled device or a 
vidicon tube, for producing x-y location output signals 
representing the light intensity or number of photons 
20 emitted by each reaction* 

3. A system according to claim 1 or claim 2, which 
further comprises : 

a computer coupled to the signal generator, for 
receiving and storing each of the signals, whereby the 
25 x-y location and number of photons generated by each 

reaction during the predetermined period of time can be 
accessed; and 

display means coupled to the computer, for 
presenting a representation of each reaction area and the 
30 number of its photon emissions. 

4. .... A system according to any preceding claim, which 
comprises means for subtracting background noise signals 
from signals representing reactions, whereby the 
resulting signal represents substantially only photon 
35 emissions from the reactions. 
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6 - A system accordina to 

the si gnal generator g H° r "l cxa im . wherein 

syste. further c^priL" anal °' ana the 

an analog- to-dicri t ~~ 

o ~, for g conv :: x 9 ir;::::: coupied to the — 

signals; and nal ° 9 S1 ^als to digital 

a microprocessor coupled to t-h 0 
converter, which includes stor! analo ^^^i g i tal 
Plurality of locations therein !! ^ * 
5 arrangement or array of -responding to the 

storing the digital signals rSaCti ° nS ' *~ 

7 - A system according to any precedina m • 

the signal generator includes a HT ' " Wh±Ch 

and the system further copses 

generate x -y location ^ 2^"*"^ '"^ ^ 
light intensity or number If h presenting the 

reaction. ° f Ph ° t0ns emitt ^ by each 

8 - A system according to claim n 

comprises: ' Whlcn fu "her 

system, such that only r.J- • " er and the °P"« 

wavexen^h are ^r^rT^".^ 9 ^ »* 

emission. system for photon 

t 9 h e"aL«eT a :iir::: 9 . to any preceding ciai - 

1 arrav of row s and columns. 

. \Lr~:;::zT \° any preceai - — 

reactant contains an indicator which, on 
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reaction, emits light of a wavelength diff erent from 
emxtted from other reactions. 

11. A system according to any preceding claim, wherein 
each reactant is a labelled monoclonal antibody against 

' th aUt lT: labSl ll9ht OB ^ tion between 

the antibody and the antigen. 

1>. A system according to any of claims I to 10. wherein 
each reactant is a labelled DNA or rna probe speclflc £ 
x.s complementary sequence in DNA or RNA, respectively 
and the label emits Ught on reaction between the probe 
and a sample containing the complementary sequence 

13. A system according to any of claims 1 to 9. wherein 
each reactant xs an isotope-labeHed antibody, and ga™,a 
rays are emitted on reaction between the antibody al an 
antrgen; rf desired, the system further comprises a 
Phosphor screen, for converting the emitted gam™ rays 
into light photons. 

14. A method of detecting chemical reactions, which 
comprises detecting photons emitted, on reaction, from 
spaced-apart discrete areas each containing a reactant 
capable of emitting photons when the reaction takes 
Place and simultaneously determining the x- y location of 
each photon emitted. 

15. A method according to claim 14, which further 
comprises determining the total photon emission of any 
reacting sample during the given time. 

16. A method according to claim 12 or claim 13, which 
comprises a step or steps corresponding to the function 
defxned for a system according to any of claims 3 to 6 

17. A method of detecting chemical reactions, by using a 
system according to any of claims 1 to 13, which 
comprises introducing an analyte on to the discrete areas 
of the sample carrier, wherein one of the analyte and the 
sample carrier contains the said reactant and the other 
is under test to determine whether or not it contains a 
component which reacts with the reactant. 
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© Imaging Immunoassay detection system and method. 

(§) Light generated by one or more chemical reactions in a 
discrete array is determined, both as to emissions per reac- 
tion and as to relative location of the reactions, e.g. by using a 
system comprising: 

a sample carrier having spaced-apart discrete areas each 
containing a reactant capable of emitting light photons if a 
reaction takes place; 

a photon receiver, for receiving photons emitted from 
each reaction simultaneously; and 

a signal generator coupled to the photon receiver, for 
generating a signal representing the x-y location of each 
reaction. 

The signal generator may be a photomultiplier, charge- 
coupled device or vidicon tube. The invention is particularly 
suited to the determination of reactions and non-reactions, 
e.g. between an array of labelled antibodies and a specimen 
potentially containing one or more complementary antigens, 
in an immunoassay. 
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